A rthritis of the ankle and the hindfoot are increasingly common problems, with the former particularly being recognized as functionally debilitating as hip arthritis [6] . Although nonoperative measures may allay symptoms in some patients, many others eventually undergo surgery. Numerous approaches are used, all of which call for a balance of mechanical stability and biologic viability to succeed. One of the most common procedures to address concomitant ankle and hindfoot arthritis is a tibiotalocalcaneal (TTC) arthrodesis.
Tibiotalocalcaneal fusions can be performed many different ways, including with intramedullary rods, plate fixation, and screw fixation. Various studies have been completed, evaluating outcomes after TTC arthrodeses, which results in osseous union in 84% to 94% of patients thus treated [1, 4, 9, 12, 14] . Complications are common, which may include nonunion (as high as 16%) [12] and repeat operations (as high as 22%) [9] . Nonunion after primary TTC may be influenced by the nail tibial angle [12] , or brittle diabetes [1] , but may be even higher in revision TTC situations.
Fixed-angle devices such as the blade plate in this report, or a locking plate, can enhance mechanical stability, particularly in osteopenic bone. Use of proximal humeral locking plates in osteopenic patients for TTC arthrodesis has led to high rates of union (94%) [1] . One of the initial reports of posterior blade fixation for TTC arthrodesis was in three patients where the primary indication was segmental bone loss, infected nonunion, talar body collapse poor anterior or anterolateral soft-tissue envelope. The authors found 100% union rate [7] . Complication rates with posterior blade TTC have been as high as 50% (wound healing issues, delayed union, hardware problems) [5, 8] . This is consistent with the complication rate seen in the current study.
Revision surgery poses a unique challenge, particularly when there are large bony defects. The technique for TTC arthrodesis across large segmental defects includes use of structural allografting (femoral head) to provide an osteoconductive scaffold for healing. Furthermore, use of structural grafting can help make up for a limblength discrepancy that would result from an in-situ tibiocalcaneal arthrodesis. Although limb-salvage rates are achieved in 75% to 84% of patients, nonunions are common in nearly 50% of patients. In fact, patients with diabetes are at particular risk for nonunion [2, 10] .
An additional challenge in the revision setting is management of the soft-tissue envelope. Balancing the need to maintain vascularity to the talus while obtaining viable access to correct intra-or extra-articular deformity poses a management challenge. In the current study, Gorman and colleagues retrospectively evaluated 40 patients who underwent a posterior blade-plate arthrodesis (either ankle or TTC fusion) in patients with poor anterior/anterolateral soft-tissues or poor bone quality, subtalar arthritis in the setting of an ankle fusion (including malunion or nonunion), or nonunion of a TTC arthrodesis. Of the 40 patients, approximately 83% of patients had osseous union at 12 months, although four (10% of patients) had a delayed union (osseous bridging between 6 months and 12 months).
Where Do We Need To Go?
The authors of the current study addressed hindfoot/ankle conditions via a posterior approach and blade plate fixation. The series represents the largest report on this technique and I commend the authors on this achievement. Although complications were relatively frequent, one of the most important advantages of the described technique is the ability to address hindfoot and ankle deformity when the status of the soft tissues precludes other approaches.
The patients in the current study are likely at a higher risk for complications, especially given the history of prior surgery. Further clinical studies need to evaluate various treatment options to elucidate risk factors for complications in high risk populations as a means of identifying the most ideal treatment strategies.
Many biomechanical studies have evaluated various in vitro properties of hindfoot fixation with a blade plate. In a nine-matched pair cadaveric comparison between a laterally placed locking plate and blade plate constructs for TTC arthrodesis, one study [3] found higher dorsiflexion and rotational load to failure and decreased deformation in the locking plate group. Another study [13] compared a lateral blade plate construct to a crossedscrew construct for ankle arthrodesis in a saw bone model. The authors found that the crossed-screw construct was considerably stiffer in dorsiflexion and valgus loading in comparison to the blade plate. However, these studies did not evaluate a hindfoot or ankle fixation construct that is posteriorly applied. Better understanding of the biomechanically properties (stiffness, load to failure, construct deformation, pull out strength) is warranted. Understanding the area of compression, and the total contact area across the subtalar or tibiotalar joint both are important considering the unidirectional position of the blade. As the blade is placed into the cancellous bone of the talus, where the blood supply may be in part violated from prior surgical intervention, the intraosseous vasculature may be compromised; this could potentially affect the likelihood of union.
Finally, given the fixed angle nature of this device, the relative strain across the healing interfaces may affect biologic viability [15] and could in part be a reason why a limited effect of BMP-2 was seen in the current study.
How Do We Get There?
Based on the literature and the results of the current study, the following questions come to mind: (1) What is the optimal treatment strategy for a TTC arthrodesis and (2) what are the predictive risk factors for complications? To best answer these questions, collaboration amongst multiple centers where TTC arthrodesis are being performed in both the primary/revision setting is necessary. While a prospective study would be ideal, retrospective evaluation of TTC fusion techniques is most feasible. Endpoints may include: (1) radiographic (union versus nonunion) outcomes, (2) limb salvage rates, and (3) functional outcome scores. Logistic regression analysis (against endpoints) of historical patient data, technique of fusion, history of prior surgery, and presence of metabolic abnormalities, can be used to stratify risk factors for failure.
While the use of a posterior blade plate is a viable option as shown by the authors, more study is necessary to better understand the biomechanics and the vascular impact of this construct. Matched-pair cadaveric studies of load to failure (including plastic or elastic deformation), and stiffness strength in a static or cyclic loading fashion should be completed to compare a posteriorly applied blade plate to: (1) A lateral TTC plate, (2) a TTC intramedullary nail, and (3) crossedscrew constructs.
Additionally, pressure-mapping sensors should be used to identify the contact area and pressure across the ankle or the subtalar joint or both. This would help to identify areas of which region of the arthrodesis surface may have the highest potential for union issues. Using extensometers or other measurement gauges to evaluate motion at the arthrodesis interfaces would allow evaluation of strain; the degree of strain present either induces or inhibits the healing process across an arthrodesis interface.
Finally, in settings of prior surgery, the talus in particular may have had compromise of blood supply from the dorsalis pedis and the peroneal artery. Therefore, introduction of a blade into the talus posteriorly may further disrupt the blood supply. This may not be as much of an issue with the calcaneus. Because of the potential for vascular compromise with entry of the blade, cadaveric vascular studies akin to that of the navicular [11] should be completed before and after posterior blade placement to delineate more clearly what blood vessels may be affected with this fixation technique.
The authors of the current study provide a unique perspective on addressing ankle and hindfoot deformity, particularly in the setting of revision surgery. While this technique needs to be further studied, the authors are certainly to be commended for providing clinicians an option for addressing what is certainly a challenging clinical situation. Clinical research in this realm is challenging given the patient co-morbidities, deformities, and prior history of surgeries. The latter is of particular importance, as this can inherently impact the status of the soft tissues and osseous healing.
